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Abstract
Objectives: To estimate HIV prevalence and characterize risk factors among young adults in Asembo, rural western Kenya.
Design: Community-based cross-sectional survey.
Methods: From a demographic surveillance system, we selected a random sample of residents aged 13-34 years, who were
contacted at home and invited to a nearby mobile study site. Consent procedures for non-emancipated minors required
assent and parental consent. From October 2003 - April 2004, consenting participants were interviewed on risk behavior
and tested for HIV and HSV-2. HIV voluntary counseling and testing was offered.
Results: Of 2606 eligible residents, 1822 (70%) enrolled. Primary reasons for refusal included not wanting blood taken, not
wanting to learn HIV status, and partner/parental objection. Females comprised 53% of 1762 participants providing blood.
Adjusted HIV prevalence was 15.4% overall: 20.5% among females and 10.2% among males. HIV prevalence was highest in
women aged 25-29 years (36.5%) and men aged 30-34 years (41.1%). HSV-2 prevalence was 40.0% overall: 53% among
females, 25.8% among males. In multivariate models stratified by gender and marital status, HIV infection was strongly
associated with age, higher number of sex partners, widowhood, and HSV-2 seropositivity.
Conclusions: Asembo has extremely high HIV and HSV-2 prevalence, and probable high incidence, among young adults.
Further research on circumstances around HIV acquisition in young women and novel prevention strategies (vaccines,
microbicides, pre-exposure prophylaxis, HSV-2 prevention, etc.) are urgently needed.
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Introduction
African youth are disproportionately affected by the global HIV
pandemic. Of 10 million HIV-infected persons aged 15-24 years,
62% live in sub-Saharan Africa; the majority are female. [1] The
2007 Kenya Aids Indicator Survey (KAIS) demonstrated a
national HIV prevalence of 7.4% among Kenyans aged 15-49
years; 8.8% in females and 5.5% in males. [2] Among adolescents
aged 15-19 years, HIV prevalence was 3.5% in females and 1.0%
in males, increasing to 7.4% and 1.9% respectively among those
aged 20-24 years. [2] Nyanza Province in western Kenya
continues with Kenya’s highest HIV prevalence of 15.0%;
17.6% in women and 11.4% in men. [2] The KAIS HIV
prevalence data varied slightly, a non-statistically significant
difference, from the 2003 Kenya Demographic Health Survey
(KDHS). [3]
In Nyanza Province, the Kenya Medical Research Institute
(KEMRI) and the U.S. Centers for Disease Control and
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Prevention (CDC) have conducted infectious disease research
since 1988 in Asembo, a rural community. [4] An ongoing
demographic surveillance system (DSS) in this area reports a life
expectancy at birth of 38 years and high adult mortality rates likely
attributable to AIDS. [5] In 2002 the Institute of Tropical
Medicine in Antwerp, Belgium (ITM), with KEMRI/CDC,
initiated a multi-component adolescent prevention intervention
in Asembo. This intervention was in response to a needs
assessment, conducted by ITM and KEMRI/CDC among
Nyanza youth, and to findings from a 1997-1998 study [6]
demonstrating an HIV prevalence of 23% and 3.5% among
females and males aged 15-19 years, respectively, in Kisumu,
Nyanza’s capital. [7] Little was known about HIV epidemiology in
rural areas, where the majority of Nyanza’s population resides.
In 2003, KEMRI, CDC, ITM, and the London School of
Hygiene and Tropical Medicine (LSHTM) initiated the first HIV-
specific study in Asembo to measure the prevalence of HIV and
sexually transmitted infections (STIs), identify factors associated
with HIV infection, provide a baseline to evaluate a new
adolescent prevention intervention, and inform sample size
calculations for a prospective HIV-incidence cohort. We present
HIV and HSV-2 prevalence and associated factors for 13-34 year
old Asembo residents.
Methods
Ethics Statement
Before study initiation, ethical approval was obtained from the
Kenya Medical Research Institute (KEMRI), the U.S. Centers for
Disease Control and Prevention (CDC), the Institue of Tropical
Medicine (ITM), and the London School of Hygiene and Tropical
Medicine (LSHTM) Ethics Review Committees/Institutional
Review Boards.
Sampling
Asembo is a rural, subsistence farming community in Nyanza.
The entire population of approximately 65,000, over 95% of
whom are Luo, participates in an ongoing DSS maintained by
KEMRI/CDC. [5] Asembo is comprised of compounds or
clusters of houses occupied by family members. DSS staff visit
each compound every four months to collect demographic data
and register all births, deaths, and in-, out-, and trans-migrations.
[5]
Based on Kisumu data from Buve´ et al, [7] we chose a study
population age range of 13-34 years. Using the DSS as a sampling
platform, potential study participants were randomly selected
through stratified sampling by sex and age group. First,
compounds were randomly selected from a DSS list of compounds
housing residents aged 13-34 years. Second, one individual per
compound aged 13-34 years was randomly selected for participa-
tion, through randomly assigned numbers, to minimize potentially
non-independent HIV transmission. For analyses, individual
sample weights were calculated to account for differences in
sampling fractions by the 8 sex- and age-strata (females: 13-15, 16-
19, 20-29, and 30-34 years; males: 13-18, 19-24, 25-29, and 30-34
years) which included adjustments for nonresponse. These weights
were used for all analyses labeled as being weighted. For sample
size and power calculations, we assumed similar HIV prevalence
rates to those in Kisumu. [7] Allowing for acceptable precision
estimates in the sex- and age-strata with the highest anticipated
HIV prevalence plus a migration/refusal rate of 25%, 3960
individuals were randomly selected and approached for study
participation.
Consent Procedures for Adults and Minors
Written informed consent was obtained from all adults and
mature minors before study participation. Minors (,18 years of
age) were classified as ‘‘mature’’ or ‘‘non-mature’’ using legal
definitions. Mature minors were married, pregnant, or a parent
and could consent to study participation, as they can for HIV
voluntary counseling and testing in Kenya. [8] Non-mature
minors required a two-step written consent-assent process. A
parent/guardian was asked for written informed consent for their
minor to participate in the study. After parental/guardian consent
was given, private discussion and thorough explanation of the
study to the minor followed, and the minor was asked to provide
written informed assent to study participation.
Data/Specimen Collection Procedures and Provision of
Test Results
Data were collected from October 2003 through April 2004.
Trained interviewers visited compounds to obtain informed
consent from potential study participants. Participants were invited
to a nearby site on a specified day for the interview and specimen
collection. Study clinicians conducted physical examinations to
diagnose acute illnesses or symptomatic STIs and confirm male
circumcision.
All participants underwent pre-test HIV counseling by certified
counselors before venipuncture. Participants could obtain their
HIV results and post-test counseling confidentially through study
counselors at community health facilities. Adult participants were
encouraged to share their HIV results with sexual partners and
minors with their parent/guardian.
Provision of Services
Participants received free clinical care for common, acute ailments
including STIs and were referred for free tuberculosis diagnosis and
treatment. Sexual partners of participants with STIs were offered free
STI treatment. HIV care and support services were provided through
existing infrastructure developed collaboratively between theMinistry
of Health and CDC’s Global AIDS Program.
Laboratory Procedures
Initially, the HIV testing algorithm used Determine (Abbott
Laboratories, Tokyo, Japan) and Unigold (Trinity Biotech Plc.
Bray, Ireland) rapid tests in parallel. Discordant results were
resolved with Capillus (Trinity Biotech Plc. Bray, Ireland).
Concordant negatives were tested with the sensitive Murex
enzyme immunoassay (Abbot, Dartford, UK). Negative Murex
results were considered negative for HIV-infection. All Murex
HIV-positive samples were further run on Western blot (Genelab
Diagnostics, Belgium) and read according to CDC criteria. [9]
For efficiency and cost, halfway through the study we changed
to parallel testing by ELISA using Vironostika HIV Uniform II
plus O kit (Organon Teknika, Boxtel, the Netherlands) and
Enzygnost (Dade Behring, Marburg, GmbH, Germany). Concor-
dant results were final. Discordant results were run on Western
blot (Genelab Diagnostics, Belgium). No statistical adjustments
were made with this change in the HIV testing algorithm because
a number of systematically selected specimens that had been tested
with the original HIV testing algorithm were retested with the
second algorithm with consistent results.
HSV-2 was screened using an HSV-2 type-specific IgG ELISA
(Kalon Biological, Ltd., Surrey, UK) with a reported sensitivity of
92.3% and specificity of 97.7% in African populations. [10]
Urine pregnancy tests were conducted on-site for all consenting
females not visibly pregnant using Randox, Inc. latex monoclonal
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agglutination test (Antrim, Northern Ireland, UK) and First Sign
HCG One Step (UNIMED International, Inc., South San
Francisco, CA, USA).
Data management and Analyses
Data were collected on optical character recognition enabled
forms that were completed in the field through face-to-face
interviews, transported to the research station, scanned into a
database using Teleform version 8 (Verity, Inc., 2003, Sunnyvale,
California, USA), and exported into Access 2000. Questionnaires
contained embedded internal consistency and validity checks.
Data cleaning and statistical analyses using survey procedures were
performed in SAS versions 8.2 through 9.13 (2003-2005, SAS
Institute, Inc., Cary, North Carolina, USA) and STATA 8.2
(StataCorp LP, 2003, College Station, Texas, USA).
HIV prevalence and univariate aggregate data were weighted to
the population from which the study sample was drawn. Standard
errors were computed that accounted for the sampling design and
the individual’s sampling probability from the sampling strata.
Analyses that are descriptive of the sample attributes are not
weighted. Analyses that are descriptive of the population are
weighted and are labeled as such. All logistic regression models
used weights to account for the probability of selection by age and
sex strata. Separate analyses were conducted for females and
males. Due to gender differences in age of life events (e.g.
marriage), females were age-group adjusted by 13-19 and 20-34
years and males by 13-24 and 25-34 years. Because of the strong
association between HIV infection and marriage, bivariate and
multivariate analyses were conducted separately for sexually active
participants and those who had ever been married. Mutlivariate
analyses were conducted with SAS’s Proc SurveyLogistic.
Marriage was defined as a legal, religious, or customary
agreement or a man and woman living together as married.
Having ever been married included those who were currently
married, separated, divorced, or a widow/widower. Anyone who
had ever had sexual intercourse was considered sexually active.
Polygamy, widow inheritance, and cultural rituals involving sex
are part of Luo culture. [11-14] Ritual sex was defined as engaging
in sexual intercourse to abide by cultural practices and beliefs.
We evaluated factors associated with HIV infection through
logistic regression modeling using software that incorporated the
sampling weights. Using the forward stepwise selection method,
four hierarchical models were constructed: ever sexually active
females and males and ever-married females and males. Each
model included all covariates with a p-value #0.2 on bivariate
analysis. First, sociodemographic variables were entered into the
model beginning with the most significant covariate on bivariate
analysis. Upon finalization of the sociodemographic tier, the same
approach was used to add sexual behavior, other HIV risk factors,
and finally STI-related covariates. Once a covariate was significant
(p-value #0.05) within its tier, it was retained in the final model.
Because STI-related covariates affected most models, we present
the four models with and without STI covariates. The likelihood
ratio test was used to compare statistical models. Although not
significant on bivariate analyses, male circumcision was included
in all male models because of the protection conferred against
HIV. [15-17] Because of co-linearity between marriage and age
group, ‘‘having ever been married’’ was not a covariate in the
‘‘ever sexually active’’ models for females and males.
Results
Of 3960 randomly selected individuals, 2606 (66%) were
eligible for enrollment; almost all others, 1261/1354 (93%), were
ineligible because they had left Asembo. Of the eligible 2606, 1822
(70%) enrolled, 447 (17%) refused, and 337 (13%) consented at
home but did not come to the study site. Enrollment rates were
similar for males and females (70%) but higher among those aged
,20 years (75%) than those aged $20 years (63%, p,0.0001).
Primary reasons for refusal included not wanting blood taken
(37%), partner/parental objection (19%), and not wanting to be
tested for or learn one’s HIV status (18%).
Among 13-19 year olds in the sample, 43.9% of females and
50.2% of males reported they had ever had sexual intercourse.
The median age of sexual debut was 16.5 years for females and
15.5 years for males. The median age of first pregnancy was 18
years. The median age of first marriage was 18 years for females
and 23 years for males.
Among currently married participants in the sample, 72/328
(22.0%) of females and 8/189 (4.2%) of males, were in polygamous
marriages. Additionally, 63.9% (39/61) of widows had been
inherited, and 2.8% (6/214) of ever-married men had inherited a
widow. Of sexually active participants, 102/1202 (8.4%) had
participated in ritual sex. Only 13.2% (77/583) of sexually active
males were circumcised. There was high mobility with only 18%
of female and 48% of male sexually active participants having
lived their entire lives in Asembo.
The median number of lifetime sexual partners for sexually
active participants in our sample was 3 for females and 4 for males.
Over half of sexually active females, 327/619 (52.8%), had sex in
exchange for gifts; 45/619 (7.3%) reported having ever been
forced to have sex. Condom use during the last sexual intercourse
was equally low between never-married males and females (25%).
Among ever-married participants, condom use during the last
sexual intercourse with spousal or non-spousal partners was rare in
females (3.3%) and males (6.9%). Of currently married individuals,
3.7% (12/328) of females and 23.8% (45/189) of males reported
having had sex with a non-spousal partner in the previous six
months.
The population, HIV prevalence for the study area, based on
1762 participants who provided blood specimens and complete
data, weighted by age group and sex was 15.4% overall, 20.5%
among females, and 10.2% among males. Table 1 presents HIV
prevalence of all study participants by demographic characteris-
tics. Females became infected several years younger than males,
and HIV prevalence was higher among females than males until
the fourth decade. (Figure 1) Weighted HSV-2 prevalence was
40.0% overall, 53.0% among females, 25.8% among males, and
remained higher in females for all age groups. (Figure 2) Although
the study was not powered for single year of age-specific estimates,
HIV prevalence in adolescent females increased from 3.1% [95%
Confidence Intervals (CI), 0.0, 6.3] at 16 years to 12.8% (95% CI,
5.7, 19.9) at age 17.
Of 309 females who denied ever having had sexual intercourse
in our sample, 4 (1.3%) were HIV-positive and 5 (1.6%) were
pregnant; 2/249 (0.8%) males who denied having had sexual
intercourse were HIV-positive.
After adjustment for age group and stratification by sex, several
demographic and risk variables were associated with HIV
prevalence among sexually active participants (Table 2). Among
sexually active females, HIV infection was significantly associated
with the following factors: cash income through regular/intermit-
tent employment, being married or widowed, higher number of
lifetime sexual partners, ritual sex, having received an injection in
the previous six months, scarification, HSV-2 infection, and past
treatment for an STI. In multivariate analysis, HIV infection
remained significantly associated with the following factors: older
age, cash income, higher number of lifetime sexual partners, having
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received an injection in the prior six months, and scarification.
Adding STI-related covariates to the model attenuated the positive
association of HIV infection with age and lifetime number of sexual
partners and rendered non-significant the positive association
between HIV infection and scarification or prior STI treatment.
HSV-2 infection remained strongly associated with HIV infection.
Among sexually active males (Table 2), factors significantly
associated with HIV infection included the following: being
married or a widower, higher number of lifetime sexual partners,
having received an injection in the previous six months, HSV-2
infection, and previous STI treatment. In multivariate analysis,
older age and higher number of lifetime sexual partners remained
significantly associated with HIV infection. STI-related covariates
in the model attenuated the association of both age and number of
sexual partners with HIV infection, but HSV-2 infection and prior
STI treatment remained associated with HIV infection.
Marital status was an effect modifier necessitating separate
analyses by gender and marital history. Because few never-married
individuals were HIV-infected, we were unable to conduct
adequate multivariate analyses in this group. For ever-married
participants, univariate analyses of factors associated with HIV
infection are presented in Table 3 and multivariate analyses in
Table 1. Demographic characteristics by weighted HIV prevalence and gender, N = 1762.
Females Males
N
HIV positive
(n)
Weighted HIV
prevalence (%) 95% CIa N
HIV positive
(n)
Weighted HIV
prevalence (%) 95% CI
Total 930 162 20.5 [17.8, 23.2] 832 99 10.2 [8.5, 11.9]
Age (years) median = 19 median = 20 median = 18
IQRb = [15,25] IQR = [16,26] IQR = [15,23]
Age group (years)
13-14 201 3 1.5 [0.0, 3.1] 168 1 0.6 [0.0, 1.7]
15-19 347 29 8.6 [5.7, 11.4] 316 2 0.8 [0.0, 1.8]
20-24 101 34 33.7 [24.7, 42.7] 106 11 10.4 [4.7, 16.1]
25-29 115 42 36.5 [27.9, 45.1] 130 39 30.0 [22.5, 37.5]
30-34 166 54 32.5 [25.8, 39.3] 112 46 41.1 [32.4, 49.7]
Education
Some primary school 540 74 19.9 [16.9, 25.5] 409 26 5.9 [3.8, 8.1]
Completed primary school 239 46 22.7 [17.0, 28.5] 237 40 14.1 [10.1, 18.0]
Beyond primary school 151 28 18.9 [12.4, 25.4] 186 33 14.4 [9.9, 18.9]
Occupation
Has cash incomec 218 84 39.9 [33.2, 46.6] 219 55 21.9 [16.7, 27.0]
Employed 381 129 35.2 [30.2, 40.2] 354 90 21.8 [17.9, 25.7]
Unemployed 117 23 21.3 [13.5, 29.1] 51 4 7.5 [0.3, 14.8]
Student 428 9 2.1 [0.8, 3.5] 427 5 1.2 [0.2, 2.2]
Religion
Muslim groups/Other 163 36 28.7 [21.2, 36.2] 154 16 8.0 [4.5, 11.5]
Protestant groups 539 95 19.8 [16.2, 23.3] 457 60 11.7 [9.0, 14.3]
Catholic groups 226 30 15.8 [10.6, 21.0] 221 23 8.6 [5.3, 11.8]
Marital status
Never married 533 22 4.6 [2.8, 6.5] 618 24 3.8 [2.3, 5.3]
Currently married 328 92 29.4 [24.3, 34.6] 189 65 32.4 [26.0, 38.9]
Polygamous marriage 72 24 35.6 [23.9, 47.3] 8 2 24.6 [0.0, 53.0]
Divorced/Separated 6 2 36.2 [0.0, 76.6] 16 5 31.3 [9.7, 53.0]
Widow/Widower 61 45 77.8 [67.7, 88.0] 9 5 49.7 [17.1, 82.2]
Pregnancy
Has ever been pregnant 433 138 33.2 [28.5, 37.8] --- --- --- ---
Currently pregnant 124 30 26.8 [18.6, 35.0] --- --- --- ---
Sexual activity
Has had sexual intercourse 619 157 27.7 [24.1, 31.4] 583 97 14.1 [11.6, 16.5]
Has never had sexual
intercourse
309 4 1.4 [0.1, 2.7] 249 2 0.8 [0.0, 1.8]
a95% CI, 95% confidence intervals.
bIQR, interquartile range.
cRegular or intermittent employment that provided cash income such as salaried workers, small business owners, casual laborers, etc.
doi:10.1371/journal.pone.0006470.t001
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Figure 1. HIV prevalence by sex and age-group, N=1762.
doi:10.1371/journal.pone.0006470.g001
Figure 2. HSV-2 prevalence by sex and age group, N=1762.
doi:10.1371/journal.pone.0006470.g002
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Table 2. Age-group adjusted risk factors associated with HIV infection by gender among sexually active participants, N = 1202.
Females Males
N Weighted HIV
prevalence (%)
Age
group
aORa
95% CIb P-value N Weighted HIV
prevalence (%)
Age
group
aOR
95% CI P-value
Total 619 27.7 4.2 [2.7, 6.6] ,0.001 583 14.1 11.8 [6.4, 21.6] ,0.001
Age (years), overall median= 21 median= 22 median= 20
IQRc = [18,28] IQR= [18,28] IQR= [17,26]
Demographic characteristics
Education
Some primary school 316 30.1 refd – NSe 230 9.5 ref – NS
Completed primary school 186 27.6 0.8 [0.5, 1.0] 190 17.6 1.1 [0.6, 2.0]
Beyond primary school 117 22.2 0.6 [0.5, 1.2] 163 16.4 1.1 [0.7, 2.4]
Occupation
Has cash incomef 213 40.7 2.1 [1.4, 3.1] ,0.001 215 22.3 1.2 [0.7, 2.0] NS
Religion
Muslim groups/other 117 36.2 ref – NS 109 11.2 ref – NS
Protestant groups 374 25.9 0.8 [0.4, 1.4] 321 16.4 1.6 [0.9, 3.0]
Catholic groups 128 25.2 0.8 [0.5, 1.2] 153 11.1 1.0 [0.5, 2.1]
Marital status
Never married 224 8.6 ref ,0.001 369 5.6 ref – ,0.05
Currently married 328 29.4 3.4 [1.5, 7.7] 189 32.4 2.4 [1.1,5.3]
Divorced/Separated 6 36.2 5.0 [0.8, 21.0] 16 31.3 1.7 [0.5, 5.9]
Widow/Widower 61 77.8 28.5 [10.6, 76.5] 9 49.7 5.2 [1.4, 19.7]
Mobility
Never lived outside Asembo 111 11.4 0.6 [0.3, 1.2] NS 278 12.8 1.0 [0.6, 1.6] NS
Spent.1 night away from home in previous
6 months
197 34.0 1.4 [1.0, 2.1] NS 262 17.0 1.3 [0.7, 2.1] NS
Sexual behavior characteristics
Number of lifetime sexual partners for:
Females: 1 Males: 1-3 144 9.2 ref ,0.001 238 3.1 ref ,0.001
2-4 4-9 394 28.0 2.3 [1.2, 4.8] 210 15.5 2.6 [1.2, 5.7]
$5 $10 80 52.0 6.2 [2.7, 13.9] 129 33.4 5.4 [2.4, 12.1]
Used a condom at last sexual intercourse 68 11.6 0.5 [0.2, 1.1] NS 111 11.6 1.3 [0.7, 2.6] NS
First partner .5 years older 152 32.0 1.1 [0.7, 1.7] NS --- --- --- ---
Ever had sex in exchange for gifts 327 26.6 0.9 [0.6, 1.3] NS --- --- --- ---
Sexual debut outside Asembo 57 25.6 0.8 [0.4, 1.6] NS 78 23.3 1.7 [0.9, 3.2] NS
Ritual sexg 24 49.6 3.8 [2.0, 7.5] ,0.01 78 20.2 1.9 [0.9, 4.0] NS
Has ever been pregnant 433 33.2 1.8 [0.9, 3.6] NS --- --- --- ---
Currently pregnant 120 27.5 0.9 [0.5, 1.5] NS --- --- --- ---
Other risk characteristics
Received injection in previous 6 months 249 35.7 1.8 [1.2, 2.6] ,0.01 209 16.9 1.8 [1.1, 2.9] ,0.05
Ever had scarification 220 34.8 1.7 [1.1, 2.5] 0.01 213 17.9 1.3 [0.8, 2.2] NS
Alcohol intake during previous month 38 34.3 1.4 [0.6, 3.0] NS 170 24.0 1.6 [0.9, 2.6] NS
Circumcised --- --- --- --- 77 14.4 0.8 [0.4, 1.6] NS
Sexually transmitted infections (STI)
Herpes Simplex Virus-2 (HSV-2) infection 405 36.9 5.3 [2.7, 10.7] ,0.001 210 34.6 6.4 [3.2, 11.6] ,0.001
Previous treatment for an STI 41 46.2 2.1 [1.0, 4.2] ,0.05 130 43.8 5.4 [3.0, 9.9] ,0.001
aaOR, age-group adjusted odds ratio. Females by 13-19 and 20-34 years; males by 13-24 and 25-34 years.
b95% CI, 95% confidence intervals.
cIQR, interquartile range.
dref, referrent group.
eNS, not significant.
fRegular or intermittent employment that provided cash income such as salaried workers, small business owners, casual laborers, etc.
gFor never married, this includes ritual sex with anyone; for ever married, this includes ritual sex with non-spousal partner only.
doi:10.1371/journal.pone.0006470.t002
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Table 4. In multivariate analyses of ever-married females,
widowhood, cash income, having received an injection in the
prior six months, and HSV-2 infection were significantly
associated with HIV infection. For ever-married males, a higher
number of lifetime sexual partners and HSV-2 infection was
significantly associated with HIV infection.
Limited data were available on circumstances around injections.
Of 458 sexually active individuals who reported receiving an
injection in the previous six months in our sample, 87% received it
from clinicians, 9% from community health workers, and 4% from
traditional healers/herbalists. Those aged 30-34 years comprised
the highest proportion receiving an injection (42.1%); 15-19 year
olds were the lowest (35.2%).
Discussion
This population-based study in rural Nyanza Province, Kenya,
found a high prevalence of HIV infection among those aged 13-34
years. Despite a decreasing trend in Kenya’s national HIV
prevalence, [18] similarly high rates were reported in the 2003
KDHS for Nyanza Province [3] and the Kenya AIDS Indicator
Survey 2007. [2] In our study, HIV prevalence among females
aged 15-19 years was 12 times higher than their male
counterparts. This substantial gender disparity is found in Kenya
nationwide [3,19] and other African countries. [6,18,20] Social
[21-24] and biological factors may explain this difference. [25]
Young women may have sex with older, more sexually
experienced men, who are more likely to be HIV-infected. [26]
Young women in our study, however, described most of their
sexual experiences to be with peers. Having a first sexual partner
much older in age was not significantly associated with HIV
infection. [27] Biological factors including immature genital tracts,
cervical ectopy, [28] and more efficient male-to-female HIV
transmission [29] likely contribute to the vulnerability of young
women to HIV infection.
HSV-2 may also play a role. The strong association we found
between HIV and HSV-2 infection confirms findings from other
studies. [7,30-37] A meta-analysis of longitudinal studies with
established temporal relationships between HIV and HSV-2
acquisition found that HSV-2 infection increases the risk for
HIV acquisition three-fold. [31] HSV-2 infection could be a
driving force for HIV transmission in our study population.
Including HSV-2 infection in the multivariate model attenuated
the positive association between HIV and a higher lifetime
number of sexual partners. Although under-reporting of lifetime
number of sexual partners is a possible explanation, HSV-2
infection, particularly in young people, may be a more accurate
marker of sexual activity than reported sexual behavior. [7]
Because HSV-2 infection is such a strong co-factor in sexual
transmission of HIV, differences in lifetime number of sexual
partners, depending on HIV prevalence among such partners,
may translate into relatively small differences in risk for HIV
infection in the presence of HSV-2 infection.
Marriage has been associated with risk for HIV infection in sub-
Saharan Africa. [3,7] In our study, widowhood was strongly
associated with HIV infection, presumably because many widows
lost their husbands to AIDS. Being currently married was
significantly associated with HIV infection. HIV prevention efforts
must target married couples. The 2003 KDHS found 17.1% of
couples in Nyanza Province to be HIV discordant and 9.8%
concordantly HIV-infected. [3] The low frequency of condom use
within marriage and the high frequency of extramarital sex among
men in our study suggest that a substantial proportion of married
people in this community will be exposed to HIV infection
through unprotected sexual intercourse with their HIV-infected
spouse.
The potential contribution of unsafe injections to HIV
transmission has been raised [38-42], disputed [43-45], and
continues to be examined. [46] In our study, having received an
injection in the prior six months was associated with HIV infection
for sexually active or ever-married females but not for males or
never-married participants. Additionally, for all participants there
was no association between having received an injection in the
prior six months and having ever had STI treatment. Given this
study’s cross-sectional design, this finding may represent reverse
causality or confounding for which we could not control. Further
investigation through a prospective incidence cohort is warranted.
HIV infection in Africa has been associated with urban-to-rural
and intra-rural human mobility. [47-49] Females in our study
reported more mobility than males; HIV prevalence was lower
among females and males who had lived their entire lives in
Asembo than those who had spent more than one night away from
home in the previous six months. Mobility may be a risk factor for
HIV infection. The 2002 DSS data for Asembo showed substantial
migration. In-migration exceeded out-migration, adults younger
than 30 years were the most migratory, and women migrate more
than men. [5] Although primary reasons for migration included
marriage and seeking employment, health-related reasons cannot
be ruled out. [5] Further investigation is warranted to better
elucidate the roles of mobility and migration in Asembo’s HIV
epidemic.
Recent randomized clinical trials of male circumcision resulted
in an approximate reduction of HIV acquisition by half. [15-17]
Luo males are not routinely circumcised, [3,50] which could
explain the higher HIV prevalence in Asembo compared to non-
Luo areas of Nyanza Province and Kenya. [3,51]
Ritual sex around funerals, polygamy, and widow inheritance
are traditional Luo practices that can facilitate HIV transmission.
[11-14] The low rates of reported ritual sex participation in this
study may reflect a decreasing prevalence of such practices or
underestimate their relevance, due to the young study population.
Traditionally, widow inheritance requires a widow to become the
wife of her late husband’s brother, assuring her and her children
economic and social stability. [11-14] Although we lacked
sufficient power to detect associations between HIV infection
and polygamy, widow inheritance, or ritual sex, the strong
association between HIV infection and widowhood and the high
prevalence of inheritance among widows in our study suggest that
widow inheritance could play a role in this epidemic. [11-14]
Other data regarding HIV prevalence in Nyanza Province
include a second cross-sectional study with different sampling
methodology and age distribution was conducted from 2004-2005
in the neighboring community of Gem. This study of volunteers
aged 15-34 years showed a weighted HIV prevalence of 28.2%
among females and 14.8% among males. [52] Cohen et al. present
HIV prevalence data from a 2006 general population survey in
Kisumu city, the capital of Nyanza Province, conducted to
evaluate antiretroviral therapy-related attitudes and beliefs.
Although an urban setting, they found a similar over HIV
prevalence of 25% in women and 16% in men aged 15-49 years.
[53]
Study limitations exist. Risk factor data in cross-sectional studies
are associations and cannot identify causality. There is potential
for selection bias from migration, because 30% of selected
individuals had moved out of Asembo between the DSS survey
round and study enrollment (,8 months). Ill individuals may have
left the area seeking health care or returned home to die. Healthy
individuals may have left seeking employment or returned to care
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Table3.Age-group adjusted risk factors associatedwithHIV infectionbygender amongparticipantswhohave ever beenmarrieda, N=609.
Females Males
N
Weighted
HIV
prevalence
(%)
Age
group
aORb 95% CIc P-value N
Weighted
HIV
prevalence
(%)
Age
group
aOR 95% CI P-value
Total 395 36.4 1.3 [0.7, 2.7] NSd 214 33.1 3.2 [1.0, 9.7] ,0.05
Age (years), overall median = 27 median = 26 median = 28
IQRe = [23,30] IQR = [22,30] IQR = [25,31]
Demographic characteristics
Education
Some primary school 196 40.3 reff – NS 60 34.6 ref – NS
Completed primary school 127 33.4 0.7 [0.5, 1.1] 95 29.2 0.7 [0.4, 1.4]
Beyond primary school 72 31.6 0.8 [0.5, 1.4] 59 37.6 1.0 [0.5, 2.0]
Occupation
Has cash incomeg 189 41.8 1.6 [1.0, 2.5] ,0.05 135 36.9 0.8 [0.4, 1.4] NS
Religion
Muslim groups/Other 87 43.4 ref – NS 51 20.7 ref – NS
Protestant groups 236 34.4 0.8 [0.5, 1.4] 114 39.1 2.3 [1.1, 4.6]
Catholic groups 72 34.1 0.8 [0.4, 1.5] 49 31.6 1.7 [0.7, 4.0]
Marital status
Currently married 328 29.4 ref – p,0.001 189 32.4 ref NS
Polygamous marriage 72 35.6 1.5 [0.8, 2.7] – 8 24.6 0.5 [0.1, 2.6]
Divorced/Separated 6 36.2 1.4 [0.2, 8.4] 16 31.3 0.8 [0.3, 2.2]
Widow/Widower 61 77.8 8.4 [4.4, 16.0] 9 49.7 2.1 [0.6, 7.1]
Mobility
Never lived outside Asembo 10 33.3 1.0 [0.2, 4.1] NS 109 30.0 0.8 [0.5, 1.5] NS
Spent.1 night away from home in previous 6 months 146 41.3 1.4 [0.9, 2.2] NS 121 33.9 1.1 [0.6, 1.9] NS
Sexual behavior characteristics
Number of lifetime sexual partners for:
Females: 1 Males: 1-3 26 21.8 ref 0.001 30 21.4 ref ,0.01
2-4 4-9 299 32.9 1.8 [0.7, 4.7] 96 24.5 1.0 [0.4, 2.4]
.5 .10 69 55.2 4.4 [1.5, 12.9] 85 46.3 2.6 [1.1, 6.0]
Age difference with first partner .5 years 131 34.8 0.9 [0.6, 1.4] NS 18 16.1 0.4 [0.1, 1.2] NS
If currently married, had extramarital sex in previous 6
months
12 32.9 1.2 [0.3, 4.3] NS 44 33.3 1.1 [0.5, 2.4] NS
Had ritual sex with non-spousal partner 11 94.2 29.6 [4.1, 213.6] ,0.05 24 38.2 1.2 [0.5, 3.2] NS
Has ever been pregnant 386 36.0 0.7 [0.1, 3.2] NS --- --- --- ---
Currently pregnant 91 30.9 0.7 [0.4, 1.3] NS --- --- --- ---
Other risk characteristics
Received injection in previous 6 months 180 44.4 1.9 [1.2, 2.9] ,0.01 76 43.6 2.2 [1.2, 3.9] ,0.01
Ever had scarification 157 42.6 1.5 [1.0, 2.4] NS 93 32.8 1.1 [0.6, 1.9] NS
Alcohol intake during previous month 23 45.8 1.5 [0.6, 3.7] NS 91 33.0 1.0 [0.5, 1.7] NS
Circumcised --- --- --- --- --- 35 23.6 0.5 [0.2, 1.1] NS
Sexually transmitted infections (STI)
Herpes Simplex Virus-2 (HSV-2) infection 341 39.8 3.5 [1.6, 7.7] 0.001 139 44.0 3.8 [1.9, 7.7] ,0.001
Previous treatment for an STI 31 48.3 1.7 [0.8, 3.7] NS 96 45.5 2.5 [1.4, 4.4] ,0.01
aIncludes currently married, separated, divorced, or widowed.
baOR, age-group adjusted odds ratio. Females by 13-19 and 20-34 years; Males by 13-24 and 25-34 years.
c95% CI, 95% confidence intervals.
dNS, not significant.
eIQR, interquartile range.
fref, referrent group.
gRegular or intermittent employment that provided cash income such as salaried workers, small business owners, casual laborers, etc.
doi:10.1371/journal.pone.0006470.t003
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for ill relatives. By requiring participants to visit a nearby site, we
may have selected for healthier individuals. Since study partici-
pation took up to four hours, we may have selected for individuals
who were wealthier, unemployed, or had time. As the first HIV-
specific research conducted in Asembo, individuals with self-
perceived low HIV risk may have self-selected to participate. Most
of these potential biases would have resulted in lower HIV
prevalence estimates. However, if the individuals aged $20 years
who refused study participation did so because they engaged in
risky sexual behavior and did not want to know their HIV status,
their non-participation might have resulted in an underestimation
of HIV prevalence.
Recall bias due to illness, gender, or age can occur when
describing sexual histories or risk behaviors. Sexual behavior
interviews are limited by the accuracy of self-reporting, and
women, particularly adolescent females, frequently underreport
sexual experiences. [25]
Conclusion
Our study shows a large HIV-burden in this area of rural
Nyanza. High HIV transmission rates are probable given the rapid
increase in age-specific HIV prevalence among adolescent
females. Without massive and drastic prevention and treatment
efforts, AIDS will continue to devastate Asembo. Community-
wide delivery of HIV counseling and testing with HIV/AIDS
treatment provision merits exploration. Alterations in cultural
perceptions and practices are needed to delay sexual debut, reduce
the number of sexual partners, promote mutual faithfulness to
known seronegative partners, implement 100% condom use with
casual partners, and discourage inter-generational and transac-
tional sex. Community elders and opinion leaders are urged to
encourage non-sexual substitutions for ritual sex and empower
widows refusing to be inherited. In an area with such high HIV
prevalence, key life decisions should be made based on known
HIV serostatus.
Qualitative data are required to better elucidate circumstances
around individual HIV transmission/acquisition events and identify
behaviors driving the epidemic in this area. Interventions to achieve
high male circumcision rates are needed along with continued
research on additional HIV prevention strategies including HIV
vaccines, microbicides, pre-exposure chemoprophylaxis, and vac-
cine and chemotherapeutic agents against HSV-2.
Acknowledgments
This paper has been published with the approval of the Director of the
Kenya Medical Research Institute. The authors would like to acknowledge
the study participants, the study team including laboratory, information
technology, and administrative staff, Dan Rosen, Betty Juma, Jerusah
Ouma, Barbara Marston, April Bell, and Timothy Thomas. In memory of
Dr. Kubaje Adazu.
Author Contributions
Conceived and designed the experiments: PNA HV FOO AB AM JV JRG
AG LS KMDC. Performed the experiments: PNA HV FOO DM AM JV.
Analyzed the data: PNA HV PN FOO DM AH AB. Contributed
reagents/materials/analysis tools: PNA HV PN FOO DM AH AB AM JV
CV JRG AG LS KMDC. Wrote the paper: PNA HV PN AH AB KMDC.
Substantive reviews of manuscript drafts: CV.
References
1. UNAIDS, WHO (2005) AIDS Epidemic Update - December 2005: UNAIDS.
2. National AIDS and STI Control Programme N (2007) Kenya AIDS Indicator
Survey 2007: Preliminary Report. Nairobi, Kenya: Ministry of Health,
Kenya.
3. Central Bureau of Statistics K, Ministry of Health K, Institute KMR, USA OM,
Center for Disease Control and Prevention K (2004) Kenya Demographic and
Health Survey 2003: Key Findings. Calverton, Maryland: ORC Macro.
4. Phillips-Howard PA, Nahlen BL, Kolczak MS, Hightower AW, ter Kuile FO, et
al. (2003) Efficacy of permethrin-treated bed nets in the prevention of mortality
in young children in an area of high perennial malaria transmission in western
Kenya. Am J Trop Med Hyg 68: 23–29.
5. Adazu K, Lindblade KA, Rosen DH, Odhiambo F, Ofware P, et al. (2005)
Health and demographic surveillance in rural western Kenya: a platform for
evaluating interventions to reduce morbidity and mortality from infectious
diseases. Am J Trop Med Hyg 73: 1151–1158.
6. Buve A, Carael M, Hayes RJ, Auvert B, Ferry B, et al. (2001) Multicentre study
on factors determining differences in rate of spread of HIV in sub-Saharan
Africa: methods and prevalence of HIV infection. Aids 15 Suppl 4: S5–14.
7. Auvert B, Buve A, Ferry B, Carael M, Morison L, et al. (2001) Ecological and
individual level analysis of risk factors for HIV infection in four urban
populations in sub-Saharan Africa with different levels of HIV infection. Aids 15
Suppl 4: S15–30.
8. Kenya MoH (2001) National Guidelines for Voluntary Counseling and Testing.
In: Council NAC, editor Nairobi, Kenya: National AIDS and sTD Control
Programme (NASCOP).
9. CDC (1989) Interpretation and use of the western blot assay for serodiagnosis of
human immunodeficiency virus type 1 infections. MMWR 38: suppl 7.
10. van Dyck E, Buve A, Weiss HA, Glynn JR, Brown DW, et al. (2004)
Performance of commercially available enzyme immunoassays for detection of
antibodies against herpes simplex virus type 2 in African populations. J Clin
Microbiol 42: 2961–2965.
11. Luginaah L, Elkins D, Maticka-Tyndale E, Landry T, Mathui M (2005)
Challenges of a pandemic: HIV/AIDS-related problems affecting Kenyan
widows. Social Science and Medicine 60: 1219–1228.
12. Luke N Widows and ‘‘Professional Inheritors:’’ Understanding AIDS risk
perceptions in Kenya.; 2002; Atlanta, GA.
13. Luke N (2006) Local meanings and census catergories: widow inheritance and
the position of Luo widows in Kenya. In: Walle Evd, ed (2006) African
Households: Censuses and Surveys. Armonk, NY.: M.E. Sharpe, Inc.
14. Shino W (1997) Death and rituals among the Luo in South Nyanza. African
Study Monographs 18: 213–228.
15. Gray RH, Kigozi G, Serwadda D, Makumbi F, Watya S, et al. (2007) Male
circumcision for HIV prevention in men in Rakai, Uganda: a randomised trial.
Lancet 369: 657–666.
16. Bailey RC, Moses S, Parker CB, Agot K, Maclean I, et al. (2007) Male
circumcision for HIV prevention in young men in Kisumu, Kenya: a
randomised controlled trial. Lancet 369: 643–656.
17. Auvert B, Taljaard D, Lagarde E, Sobngwi-Tambekou J, Sitta R, et al. (2005)
Randomized, controlled intervention trial of male circumcision for reduction of
HIV infection risk: the ANRS 1265 Trial. PLoS Med 2: e298.
18. UNAIDS, WHO, editors, AIDS epidemic update. Geneva, .
19. Joesoef MR, Cheluget B, Marum LH, Wandera C, Ryan CA, et al. (2003)
Differential of HIV prevalence in women and men who attended sexually
transmitted disease clinics at HIV sentinel surveillance sites in Kenya, 1990-
2001. Int J STD AIDS 14: 193–196.
20. Auvert B, Ballard R, Campbell C, Carael M, Carton M, et al. (2001) HIV
infection among youth in a South African mining town is associated with herpes
simplex virus-2 seropositivity and sexual behaviour. Aids 15: 885–898.
21. Dilger H (2003) Sexuality, AIDS, and the lures of modernity: reflexivity and
morality among young people in rural Tanzania. Med Anthropol 22: 23–52.
22. Luke N (2005) Confronting the ‘Sugar Daddy’ stereotype: Age and economic
asymmetries and risky sexual behavior in urban Kenya. International Family
Planning Prespectives 31: 6–14.
23. Luke N (2006) Exchange and condom use in informal sexual relationships in
urban Kenya. Economic Development and Cultural Change. Chicago: The
University of Chicago. pp 319–348.
24. Buhler C, Kohler H-P The influence of communication networks on individual
risk perceptions on HIV/AIDS infection and favored pretective behaviors in
South Nyanza District, Kenya.: Max Planck Institute for Demographic
Research. WP 2002-020 WP 2002-020.
25. Glynn JR, Carael M, Auvert B, Kahindo M, Chege J, et al. (2001) Why do
young women have a much higher prevalence of HIV than young men? A study
in Kisumu, Kenya and Ndola, Zambia. Aids 15 Suppl 4: S51–60.
26. Gregson S, Nyamukapa CA, Garnett GP, Mason PR, Zhuwau T, et al. (2002)
Sexual mixing patterns and sex-differentials in teenage exposure to HIV
infection in rural Zimbabwe. Lancet 359: 1896–1903.
27. Vandenhoudt H, Amornkul P, Odhiambo F, Nasokho P, Otwoma N, et al.
(2004) First sexual intercourse and exposure to HIV infection among young
women in a high HIV prevalence area in Western Kenya. XVth International
AIDS Conference. Bangkok, Thailand.
28. Royce RA, Sena A, Cates W Jr, Cohen MS (1997) Sexual transmission of HIV.
N Engl J Med 336: 1072–1078.
HIV in Age 13-34, Rural Kenya
PLoS ONE | www.plosone.org 10 July 2009 | Volume 4 | Issue 7 | e6470
29. Mastro TD, de Vincenzi I (1996) Probabilities of sexual HIV-1 transmission.
Aids 10 Suppl A: S75–82.
30. Weiss H (2004) Epidemiology of herpes simplex virus type 2 infection in the
developing world. Herpes 11 Suppl 1: 24A–35A.
31. Freeman EE, Weiss HA, Glynn JR, Cross PL, Whitworth JA, et al. (2006)
Herpes simplex virus 2 infection increases HIV acquisition in men and women:
systematic review and meta-analysis of longitudinal studies. Aids 20: 73–83.
32. Reynolds SJ, Quinn TC (2005) Developments in STD/HIV interactions: the
intertwining epidemics of HIV and HSV-2. Infect Dis Clin North Am 19:
415–425.
33. Kamali A, Nunn AJ, Mulder DW, Van Dyck E, Dobbins JG, et al. (1999)
Seroprevalence and incidence of genital ulcer infections in a rural Ugandan
population. Sex Transm Infect 75: 98–102.
34. del Mar Pujades Rodriguez M, Obasi A, Mosha F, Todd J, Brown D, et al.
(2002) Herpes simplex virus type 2 infection increases HIV incidence: a
prospective study in rural Tanzania. Aids 16: 451–462.
35. Celum CL (2004) The interaction between herpes simplex virus and human
immunodeficiency virus. Herpes 11 Suppl 1: 36A–45A.
36. Gray RH, Wawer MJ, Brookmeyer R, Sewankambo NK, Serwadda D, et al.
(2001) Probability of HIV-1 transmission per coital act in monogamous,
heterosexual, HIV-1-discordant couples in Rakai, Uganda. Lancet 357:
1149–1153.
37. Grosskurth H, Gray R, Hayes R, Mabey D, Wawer M (2000) Control of
sexually transmitted diseases for HIV-1 prevention: understanding the
implications of the Mwanza and Rakai trials. Lancet 355: 1981–1987.
38. Gisselquist D, Potterat JJ, Brody S, Vachon F (2003) Let it be sexual: how health
care transmission of AIDS in Africa was ignored. Int J STD AIDS 14: 148–161.
39. Deuchert E, Brody S (2006) The role of health care in the spread of HIV/AIDS
in Africa: evidence from Kenya. Int J STD AIDS 17: 749–752.
40. Deuchert E, Brody S (2007) The evidence for health-care transmission of HIV in
Africa should determine prevention priorities. Int J STD AIDS 18: 290–291.
41. Mishra V, Kottiri B, Liu L, Hong R, Khan S, et al. (2008) The association
between medical injections and prevalent HIV infection: Evidence from a
National Sero-Survey in Uganda. Calverton, MD: Macro International, Inc, No.
42 No. 42. 1-28 p.
42. Mishra V, Khan S, Liu L, Kottiri B (2008) Medical injection use and HIV in
sub-Saharan Africa. Calverton, MD, USA: Macro International, No. 21 No. 21.
1-27. p.
43. Marum L, Bennett E (2008) Response: The role of health care in the spread of
HIV/AIDS in Africa: evidence from the 2003 Kenya Demographic and Health
Survey. In: submitted, editor.
44. Schmid GP, Buve A, Mugyenyi P, Garnett GP, Hayes RJ, et al. (2004)
Transmission of HIV-1 infection in sub-Saharan Africa and effect of elimination
of unsafe injections. Lancet 363: 482–488.
45. de Walque D (2008) Do unsafe tetanus toxoid injections play a significant role in
the transmission of HIV/AIDS? Evidence from seven African countries. Sex
Transm Infect 84: 122–125.
46. Watson-Jones D, Baisley K, Weiss HA, Tanton C, Changalucha J, et al. (2009)
Risk Factors for HIV incidence in women participating in an HSV suppressive
treatment trial in Tanzania. AIDS 23: 415–422.
47. Lydie N, Robinson NJ, Ferry B, Akam E, De Loenzien M, et al. (2004) Mobility,
sexual behavior, and HIV infection in an urban population in Cameroon.
J Acquir Immune Defic Syndr 35: 67–74.
48. Lurie MN, Williams BG, Zuma K, Mkaya-Mwamburi D, Garnett GP, et al.
(2003) Who infects whom? HIV-1 concordance and discordance among migrant
and non-migrant couples in South Africa. Aids 17: 2245–2252.
49. Coffee MP, Garnett GP, Mlilo M, Voeten HA, Chandiwana S, et al. (2005)
Patterns of movement and risk of HIV infection in rural Zimbabwe. J Infect Dis
191 Suppl 1: S159–167.
50. Auvert B, Buve A, Lagarde E, Kahindo M, Chege J, et al. (2001) Male
circumcision and HIV infection in four cities in sub-Saharan Africa. Aids 15
Suppl 4: S31–40.
51. National AIDS and STI Control Programme N, Health. KMo (2005) AIDS in
Kenya: Trends, Interventions and Impact, 7th edition. Nairobi: NASCOP.
52. Vandenhoudt H, Thomas T, Nasokho P, Bondo P, Zeh C, et al. (2006) HIV,
STI and pregnancy among 15-34 year olds in a population based survey in rural
western Kenya. 16th International AIDS Conference Toronto, Canada, .
53. Cohen CR, Montandon M, Carrico AW, Shiboski S, Bostrom A, et al. (2009)
Association of attitudes and beliefs towards antiretroviral therapy with HIV-
seroprevalence in the general population of Kisumu, Kenya. PLoS ONE 4:
e4573.
HIV in Age 13-34, Rural Kenya
PLoS ONE | www.plosone.org 11 July 2009 | Volume 4 | Issue 7 | e6470
